employed routinely. It is highly virulent and has a rat LD5o of 10-6.5 (Reed and Muench, 1938) . The culture was maintained on glucosecysteine-blood agar (GCBA) (Downs et al., 1947 counts of these suspensions averaged approximately 3.5 X 10' viable units per ml.
Animals. Adult male rats of the Wistar strain weighing 180-250 grams were used.
Experimental methods. Blood and urine were collected from each animal as described by Woodward et al. (1954) . A 2 per cent solution of lithium oxalate was used as an anticoagulant for all tests requiring oxalated blood. Haden's (1923) modification of the Folin-Wu precipitation method was employed for the preparation of all protein-free blood filtrates where required.
Clinical biochemical tests. The following chemical analyses of blood and urine were conducted on normal, infected, and recovered rats and on rats that had recovered from tularemia and were reinfected with one LD,0 of the Sm strain: Blood nonprotein nitrogen (Folin and Wu, 1919) , blood urea nitrogen (Karr, 1924) , urine urea nitrogen (Hepler, 1951) , blood glucose (Folin and Wu, 1920) , icteric index (Hawk, Oser, and Summerson, 1948) , Van den Bergh test for bilirubin (Van den Bergb, 1921) , total serum protein (Greenberg, 1924) , hemoglobin (Karr and Clark, 1941) , and erythrocyte and leucocyte counts (Hepler, 1951 0.83 fected slight but significant depletion in blood urea nitrogen. Once again, no signfficant deviation from normal was observed in the blood urea nitrogen levels of 10 recovered and 10 recoveredreinfected rats (table 2) .
Total serum protein levels in normal, infected, recovered, and recovered-reinfected rats. A comparison of tests on blood samples from 10 normal and 10 infected rats demonstrated that pronounced depletion of total serum protein occurred as a result of infection. Total serum protein levels in blood from 10 recovered and 10 recovered-reinfected rats were found to be nearly identical with normal values (table 3) .
Blood glucose levels in normal, infected, recovered, and recovered-reinfected rats. The determination of blood glucose in blood samples from 28 normal and 40 infected rats demonstrated that a hypoglycemia occurred during infection with B. tularense. No significant deviation from normal values could be detected in blood from 10 recovered and 10 recovered-reinfected rats (table 4) .
Liver function tests of normal, infected, recovered, and recovered-reinfected rats. Tests to determine (table 5) . In rats recovered from tularemia and in those recovered and reinfected with the Sm strain, the icteric index was found to be normal.
Van den Bergh tests for bilirubin were conducted on these same blood samples. All normal, recovered, and recovered-reinfected rats gave a negative test, while 15 of the 34 infected rats were positive with a "direct reaction". These findings further support the observation that liver dysfunction occurs during infection.
Urine urea nitrogen levels in normal, infected, recovered, and recovered-reinfected rats. Analysis of urine samples from 27 normal, 30 infected, 12 recovered, and 12 recovered-reinfected rats for urea nitrogen demonstrated no significant differences among these groups of animals (table 6). Since there was no apparent increase in excretion of urine urea nitrogen, it was not possible to account for the observed depletion of nitrogen compounds with these tests. Consideration was given the possibility that protein degradation and deamination of amino acids might occur in sufficient magnitude to contribute to the formation of an excessive number of ketone bodies from the deaminated residues. These in turn might be synthesized to glucose by the rat, resulting in a hyperglycemia. From our data it does not appear that this occurs since a moderate hypoglycemia was observed during infection.
The results of these clinical tests demonstrate the degree to which nitrogen balance is disturbed in tularemia but fail to elucidate the mechanisms which contribute to the observed depletion of the various nitrogenous compounds in the infected rats.
Since B. tularense tends to localize in the liver during infection, liver function tests were conducted to determine the nature and severity of damage to this organ. It was possible to demonstrate that liver dysfunction resulted as indicated by an elevated icteric index in nearly every animal. In many instances an obstructive jaundice in tularemic rats could be shown by the development of a "direct reaction" with the Van den Bergh test for bilirubin. It would appear that these observations are significant in that they direct attention to the liver as a focal point in which major damage or injury occurs, although they do not indicate the nature of such injury. This suggests the necessity for a more extensive investigation of liver metabolism in tularemia.
Of considerable interest was the observation that clinical tests performed on blood and urine from recovered rats and recovered-reinfected animals all gave essentially normal values. This further emphasizes previous observations by several investigators that white rats develop a high degree of immunity upon recovery from tularemia. From our data it would appear that complete repair of damage to the body occurs upon recovery and that subsequent reinfection is controlled readily in these animals.
No significance could be attached to the data obtained from hematological studies other than the observation of a pronounced increase in leucocyte counts in recovered rats. It is quite possible that these cells play an important role in the high degree of immunity exhibited by the recovered animals.
SUJMMARY
A depletion of nonprotein nitrogen, urea nitrogen, and total serum protein was observed in the blood of tularemic rats.
A hypoglycemia was demonstrated during infection.
Liver dysfunction was shown to develop in the infected rats.
Extensive repair of tissue damage was observed upon recovery from infection as evidenced by a return to normal values of the various clinical data.
Upon reinfection following recovery, there was no deviation from normal in the condition of the rats, as shown by the clinical tests, indicating a high degree of immunity and complete control of the infection in these animals.
No deviation from normal values could be detected in the urine urea nitrogen of infected animals.
Infection stimulated little change in the hematological picture. However, an increased leucocyte count was observed in rats that had recovered from tularemia.
From the data obtained in this investigation it was not possible to determine the fate of the nitrogenous compounds lost from the blood during infection.
